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<% 9 lbJl i 9 qJUSJI t 1 S 3 JI 
Noyau ,masse et énergie 


"cÜ lb_ëÜ*S"i3liüJI_I 

^Lüuuüj — 1 

ciJLSJI ch-^ «ilL-ûi ol ^jJj />1905 clljuj cLzjbJI ^^jljuuuJI di^lSLoxJI J\L> <jjo ^LüujüJ /JlaJI J 

. ctslbJ^ 

: Id^jjuLszj cdLUI cislb ^jvjxjujü E cisLt> £ o^ijuu cJL> v_sv3 t rn L^jJL5 clc^joj^jo dJULuoJ 

E = m.c 2 


clc^^ju c-3.10 8 m/5' 
kg v Lçjlc jjsù ^^joj^joJI qAj£ rn 
. J^^JL IçJlc jjsù clc^jo^joJI c^slb E 
: clc^jo^joJI ôjLgJ QuJjSJ\ cislbJI j+sü o^SLi £ lo J \L> Arn v clc^jo^oJI qJL^ >sâü LoJu^c 

A E = A m.c 2 


^Lc^jocfuoJI jjsü : AE<0 dJU_x5 ^^lûju cuJLSJI Ipjslb £ ( o^SLuu v_sv9 clc^joj^jo cdLS ^üi ju ) Am<0 

(Q>0) . isorjbül Jojuj^JU L^ouoj OdLb qJbdl ojl£> ^ssS 
^^jocfcoJI v-*-m.uSJ : AE>0 dJU_\5 cui^JI « ( o^ijuu v_sv3 às^$jys*x> qJjS ) Am>0 

(Q<0) . sS^j bül Jojuj^JI <jjo OdLb qJbdl ôjlq> ^ssS 

4dLbJl3 oJUUI ojl> 3 _ 2 
ëüjjJI dJLuSJI ôjl^3 — I 

Ô_)L>3 ^JVjOouUÜ c U>J\Lo ÔJ 03 J L^jlC >(l 2J Ijj £ l_)L> ÔjjjÜZ) US 3JJI Ü3ii £ CU33JJI cbjuLÀJI ^s3 

Uu IpJ >0^3 cujjJI cdLSJI 

IZO^Uji^S^ivî^lu 

(_$JLc «J^jo 1 JÿÂM5 12.10 kg 1S5L1Ü 12 ü&jS Jl ol^i »jjo J^jo <iJL^ ù pJAi 

: ùi sSl ô^i N=6,02.10 23 

1 12 in 3 

lu = l,66.10‘ 27 kg csJUUs 1 u = : — =- = 1,66.1 0" 27 kg 

12 6.03. 10 23 


<Uj 5 : Jliùo 

m p = l,6725.10“ 27 kg 


m 

P 


1,6725. 10~ 27 

1,66.1 0 27 


l,0073u 


hJÿà — ü 9 j ïSJ))\ : odlhJI ojl >3 _ w 

cülàcLcL03 JaJ^S _ Ü<>>£JVI JLoæIjujI Jjaàj ^JLIjJ < ciâllaJU 3 joJ \ Lo _> x £ ÔJ03 J3SJI ^33jJI sU >* àJI v _ svS 

. (MeV) kJ3à _ 03^! Là^oJlS 

leV =l,602177xl0” 19 / 


1 MeV =l0 6 eV= 1,602 177x1 0” 13 / 

. U ëüjjJl qJLSJI ôJl> 3 J ëUiLSLoJI «IdlbJI _ £ 

; i_s^ lu i_svjJI ^sllaJI ^Lüuùül cià\Lc v_jljuuo 


E = 1, 66054x(299792458) 2 ) = 1492, 42x1 0" 13 / 


E = 


1492,42x10 


-13 


= 931 MeV 




1, 602177xl0” 13 

lu=931,5MeV /c 2 

m e = 9 ,l- 10 ' 31 kg oî Cju^j E=mc 2 : ù 3>AJVI «silo : JLo 

E= 0 , 512 Mev olsleV=l, 6 . 10 19 J ol le vs E= 9 , 1 . 10 ' 31 . 9 . 10 16 J= 81 , 9 . 10 ' 15 J 
. m e = 0 , 512 M 6 v/c ! 4 dücJI ô_x 03>*^-l\JI eOLiS ol ^uuüljijuu 

Energie de liaison JsüjJI oilb _ II 

■ iSvJLiJI ^aâJI 1.2 

JôiS Pq joj^jQ <jjo Jsl LoJb üI cilxSJI oJcuuj\$j OJjOÎ QJuSS oLuüLl 9 <jjuJ 

. v_sOiJ I 

m(jH)= 2.,0109u : "H ^sjJI ôl^i : JÜüo 
N = 1 3 Z =1 />3j_>j3jJI 0I3JJ CU3SL0JI v _ 3 jL 9 jJI 
m p +m n = 2,0199u : ^IsjJI JiS t^ 0 ^ 0 

Am = (m p +m n )-m( 2 H) 

= 0,0050u 

. ôl^jJU <^_sJ-iiSJI ^LQjJU Am v-SVJOs-juUÜ 

0I5JI ^JLSj üüjJI JéaS ^jjoûuo \jjj sJ$jjd\ Am 0I5J oU^SJI ^aâJI üsjouuuü : cuolc. cùzu 

. v^u>^jo IojL jl JL8 jo 3^3 

Am = (Zm p + A^m w ) — m ( ^ X ) 

iv>M « 3 lb 2-2 

0I3JI dLuuloJ >juulqj . cijoAsijuo OJjZLjjj oIS ob3jJ3J n3 cLl>3jo àjsz->jj oIS Cjb$j$jj <jjo CÜ3SU0 0I3JI 

. CU3ÜJI cIjOjJI oI^üLII ^S^su ^svjOouuü ô^xxS ÔJuuj oIS CU33J «^33 ^3^>3J 
. Eç ]ojJ\ QS\]cü ^JVjO^juUÜ £ ClSÜo Id^UcLCj <*_xJ*J 0I3-JI 0U3J JuZlÀJ 

cLoj\JJI ctslbJI 0I3J v-SvJbSJI ^^LaJI 0L9 ^L^JuüSJ ctsLbJ^ clLlSLII Qou 3SIUI C0\ic 

: JuziâJ Lû^^lbLcJ 

Zm p +(A-Z)m n -m(^X) + E e 

E e - Am.c 2 = {Zm p +(A-Z)m n -m{^XŸ).c 2 

cucuj <UjuuuJU JoüjJI j 3 lb 3 — 2 


£ = 


E£ 


Mev/nucléon £ ôa >3 
. CU 3 J cih_Juu 3 ixJI kuj]\ 03 Lb JjLoJ 0^3 

. CU 3 JJU cLjljuuuJIj JojjJI QSbo jlod ÔJU 3 J j\jSüuuj\ »*SJuo ^jJLc /xSS^JU 

. ô^xxS^ CU 3 JJLI cLjLJuuuJ U JcüjJI cL9lb OjI^ LxxlS IjI^JLiOjjI >i^l ÔJU 3 -* O 3 SS 

! L5ViuJfllj l'jJ jJDJ 

Ra /> 3 j^ I jJI 0 JÜ 3 J jjlxsj 

. CO 3 J ,JSJ CIjljuUlJIj JajjJI Cl9Lb £ÜJOjuül 3 /> 3 J^ IjJI ÔJÜ 3 J JûJjJI Cislb ^_j-xxJC>I 
3 lu =l,66.10“ 27 kg 3 m n = 1,00867 u 3 m p = l,00728u 3 m(Ra) = 225,977u : 

c=3.10 8 m/c 2 


. cJL> v_svS ô^>3jo ol^J JuZiôJ cLoj\JJI cisüa Jl v_sy& cU>j\UI JcujJI cislb S ulo^JI 

E t = Am.c 2 = [(Zm p +Nm n )- m(^ x)J.c 2 


ois <ujo 3 N=226 3 Z=88 

E, = (88.1,00728 + 138.1,00867 -225,977).9.10 16 = 2,779.10' lo J = 1736,90MeV 


e = 


1736,90 

226 


.L^JI q3lb JjIüjo JjuOsj 


= 7,68MeY/c 2 oJUUs £ = — ^ JSJ él^uJU Ja^l 

A 

Aston ùg h jujI ^vjajuo 4-2 

£ O3 Jo, xaJ I J IxX&JüuJ b oIJl^jJI LJ^JLo^jO jljJLOuül ^ÜjLqjO Q^uOJ 



cJ\Jjü 


r E ' 


Ô_)U3 jJ CLljuUuJIj 


JijujJI jJôjl . A 0U3 JJI ^jlc 
: Iî^\b ^svJl^ouoJI J\Jj> ^jjo 
: 20<A<195 • 


y^jjisü Lû^ /XxS IgJ 


E ^ 


ôâü . 8MeV/c 2 c^JLlcuJI l^o^s 

jJlS\JI LS 3 JI /)Jôj ^aiajuoJI 

3 ~â> Fe juJl^JI Jbuo ) \j Ijjjjüu. 
Jl >3j IjJ Ijl^JijOjjl LS3JJI 

. v _ S v9 0^3; 

A>195 3 A<20 • 


^ E ^ 


v ^ y 


oî lSI 


Ôj-SJLajüUO j-x_C LS3JJI ÔJuï> ol QuulJ lSAJI C v__SV «JûJ I CL&a&JO ^Ü 3 -*J c La_juJLâJIj JojjJI 03 UqS M\j S ljL> ÔjjlSL^ 

. IjljJijOjül l 53 j ^sJj J3J^ju Ol L^jSuoj 
! CU33JJI o\LclâjJI <jjo QJLC3J ,393 J3^üj ûl ôJLpJ jj^uou 
Ô LbJ I ô JlûÜ l _5\j0^juUÜ3 ■ ^juJlSLxSI^’ 13 -^ v_sJ | j]ouuJÛJ ÔjJLjljulLoJ I ALjijJ I LS3J-I I - A ^ 1 9 

■ ^Lbjuuulll 

gloJüDI 6>o>LbJI ÔJLd> l _5vjo^juuÜ3 \Lûj jj£\ 0I3J v_sJciS2jJ IgJ uu Lo^S JCfcJu cLâj^âiïJI LS3JJI _ A <20 _ 

■ S?3 £âJI 

. oLbjj^jo o\LcLûj jüû^Jjü\Jl3 £ Lojü\JI . 4 Jôq^JLo 

Fusion et fission nucléaire ùü^^JI £Ujü Jl$ ^Ucuiu Jl _ III 

- s? 55 jJI jibuuüJ Jl — 1 

Jszj i /^juuLaJu ol \buo 3I /)3 jjIj 3\JIS ^iJLsfij 0I3J jj^uoj 

^JK 0,1 MeV qjo J si àuSjs*)\ QJ 3 \b ) 5v_sJoj L^SJlS 

l _5\jOouuÜ 3 t LS33JJI jüûuuJLi y I J3^jJI Ij-ûi ^jvjOouüu . QjJLâjLÂi»' <juül3j 

i clôjjlqJI Û3JJJJI3 fissile o^^JsuuîuJI LS3JI ^jîjJI L53JI 

■ lS j I I 
KJUjSÜ — I 

t Ùj3-1q-Jj «ÜjJÎJ 0I3J ^/XjuULQ_*J LS33J JxLûJ V333JI jlkjuüuUI 

* Rb . l>J! 03jjuJ LpilüJI Jl Sj 

: cdbüol 


jLLcujüjiJI 




/ \ \ 



O O ù3j3>j 


2 llu + > -» ' 5 ®Cs + 3 92 Rb + 3> 
23 2 5 [/ + > -> 3 9 8 4 5r + f 4 Xe + 3o n + y 


JuuülLuUUüO JtCÜÜ — V 

! ül lS3^jJI j Ucljuuü \J ! <^jLJI OÜ3jj3jJ <j^uoj 
. JxLâJI Ia_juu3 qjo CjJLûj _ 
. ûj 3 lo juü LS3J Lp-ôJijJb 3I _ 

Isj < «AjyiuSu /XjU A 3 J^uülIjulJLiÛO J^cLûJ C^ 3 JL> v_S ^9 CLO^LuUUO é ^_S^J jlb^ujül v_S^9 3I 

v_svS ùJl^j Lo Ijlû> 3 <^buJo3 cu9 /xSL^JI <j^uoj 9 . CU33JI cdLyL&JI v_sv3 Lo Ijl&3 j < 3^3 />S>sz 1 a j+£. ülS 

. cLoJîüjuo QuJlSj ^LhJI gûLJu vluL> CU33JI o\icLâjoJI 
^yoLxôol jjX CU33JI o\LcLqjoJI v_sv 3 J^uuJLuüüJ I JxLâJI v_sv9 foS^üu^ 

. />3j^KJI <jjo üLuZi3 cUcljuuI 3J oÜ3jj3jJI 

- s?5>JI gloJLi Jl - 2 
üüjAi — I 

. \Lûj 0I3J />Lo«iajl c Ü\Jj> /xju JxLûj V333JJI £Lo_ü\JI 

/>£jJulçJ\ ü$ 5 j L^J\L> /yjj Cjus> ^juuooJjJI Jj>b gLojj\JI o\LcLûj gJü : cdbuol 

! J^I^jO ^333 L ,Juû>^jJulçJ\ <JjO 13 \ILüI 

\H + \H ^\H + \e 
\H + \H -> 3 //<? 

\He + 3 /E -> tHe + \H + ,'// 

sS5>JI ^LoJüDI ijjjJiM J o$jmi _ v 

ol^J'LJI v-jJüJI (jjo IpJiSuoJ PSlIo (jjJiàjAieJI (JjjI^jJU ül^ l3j \J( 1S33JJI gloJLi\JI jJjiLaiXj \J 

JflÀjJU gloJij\JI Otsiij v_jljuJI IA0J3 . cuJlc ôjl_>> <ÜüaJI OSâ) <- r jJUgüJ3 . «0 _>sIjüJI I 

■ j I ,pJ I i53,ÿJI 

• SS35J Jf LâJ cuslh% ëüJU 5 JI oJLyâcJI _ VI 

: «Lol&JI cübJI_ 1 



O Ù3>SJ O ù3js>j 



cuJUI cJ^IsjoJIj cu-c I>î^o U33J UcLûj 


Av 1 A 

Z, A l + Z, 


X 0 -> 


A V 1 

Z, 3 T Z 


a 4 




. 3I <^Luo^ ^oLlC lS$j ^jJlC Jjü Xj 
: ^5^ JxLâJ IJl^j cU3jJix)JI ^j^LhJI 


[£,(X,) + £,(X î )] = [£,(X j ) + £,(X 4 )] + A£ 
A£ = [£,(X 1 )+£,(X î )]-[£,(X î ) + £,(X 4 )] 


ci9 Uo A£ 3 . Xj <^a*9jJI 3Î 0I3JÜJ JflJjJI «üLlo E ( (X ( . ) 


. JcÜdl 

! LüjJ E ( iûJjil ^ 9 Üo >a+S 2 J Sj-ajJL > 
A£ = [m(X 3 ) + m(X 4 )].c 2 -[m(X 1 ) + m(X 2 )].c 2 
A£ = [m(X 3 ) + m(X 4 )-m(X 1 )-m(X 2 )].c 2 
AE = Am.c 2 = [m ( produit)- m ( reactifs )] .c 2 

: pic lSq«v ■ LclàjJ «OliaJI Jsüaàüo : «Uo^adLo 

ëlC3jOJtoJU Cbj-ujl «ÜüaJI : Ej 

. t^ 3 *>jtoJU ci 9 ÜoJI : Ef 


. <jjü I3J I ASJüi I I^uujüSj v_s^jJ I ^9 IkJ I E ' £ ( X j ) + E ^ ( X 2 ) 

X4 3 X3 qjüI^I û35u ju^c ^3jo^joJI v-soJI ^isLIqJ I — ^E £ (X 3 ) + E t (X 4 )J 

. IjIjJî^juüI £uu£ü dJUju3 sS33JI JxLâJI IJl^J cLaJLSÜ I cisltJI A£ 
Q = — AE > 0 v_svj 3 > ctsüaJU JcLâJ J\L> ôj^pfcxxJI ctsLLJI : ^k>3^JLo 

vJjü^^jJI £loJü J3 jUsuuuüDI ijsJLc oLftjuubü — 2 

" s?S3âJI jLbuuuu Jl _ I 

: cuJLJI LS33JI jlb^Juü\JI qJ^Is&o jjüsù 

2 ll U + ln -> + 3 9 7 3 /?Z7 + 3 g 1 /? 

. LS33JI JxLâJI lÂÜ V_sv 9 ClJL>JüjoJI ^3 jJI JjiS v_S^-t^S2j 


235 u 

92 u 

140 Cs 

55 

*Rb 

l n 

234,99346 u 

139,88711 u 

92,90174 u 

1,00866 u 



/> 3 jûIj 3 ^I ch 0 ÔJ 0 I 3 0 I 3 J <jjo ciiàlbJI 

A£ = A/ 77 .C 2 : cisLLJI 


^aS 2 J jjulSLF 


Lljj 


Jl 


U 


*E 


A /77 = m f - m j 

= ( fs Cs ) + m ( !i Rb ) + 3/77 ( q 1 //)] - \m ( 23 2 5 £/) + m ( 0 1 /7)_ 

= m ( ?û ) + //?( 37 Rb ) + 2/77 ( » - m ( f 2 U)~] 

=-0, 18729u =-3, 1 100 X 10' 28 Aÿ 
A E = A/77.C 2 = -2,7995xl0“ n 7 = -174,699M?I/ 

LS3 Luuü Q=-AE ci 3 lb /)3jjlj3^l ch 0 ÔJ0I3 0I3J jLb^jjül ûl lSI 

. 174,699MeV 

JijjJI jhû\ : jUo^Jü\JI JxLâJ ctslbJI Jabti*jo 

s535jJI eloJüUI — v 

! v_sJLJI eloJü\JI JxLûj jjüsû 


E 

1 

• ( \ H ) 

1 




\H + 3 // ]He + q/7 

+ E 

■ ( 1 ^) 

- E (ÏHe) 


A E - Am.c 2 




h + ;* ■ 



A /77 = m f - m j = 

/77( 2 /ye) + 777 ( 0 / 7 ) 

- 

m( 1 2 //) + m( 1 3 «f 





=-0,18729u=-3,1100xl0' 28 AjÇ7 

Af 

> 

/ 

ÎHe+ln y 

f 

A£ = Am.c 2 - -17,585Afel/ 






]He 

l n 

2,01355 

3,01550 

4,00150 

1,00866 


. Lu^Jü 200MeV ^slb jlb^ujü\JI Jxlâj l jouuu t 18MeV vjbâJ cislb ^ Lo_xj\J I JxlâJ 

CUl V_sl CU3J 236 LS33-JI CUljuUlJIj3 0U3J 5 LS33JJI £loJû\U CUljuOjJIj 0U3JJI .^Jisd C^jljuulUiJIS 

jicû\ ). jlb^uJü\Jlj àjjSZJ oJI C( 3 lbJI oljjO { jjlLO^J jjS I gloJû\Jlj àjjSZJ oJI ^SlbJI ÔJ0I3 ^J3 jJ CUljuUlJIj 

( 2 QJjLoûJI cÜLjuülLjuü 

. cüjIaJLJI v^sJLc- oUjuJcu - 3 

: Ojotgjo cUp^JLo 


.(Q = -AE>0) v_SOrjbiJI JojJ^joJI L^ljuji jSj qslkJI Igjî lSI ctsllaJJ ô^-aJjU ^c^jo^ïjoJI ü$Sj A E < 0 

( Q= AE <0) v_sorjbJI Jojj^joJI ,jjo cislb ) ^UaJÜ clz?Lo clc^oj^joJI A E > 0 

^jOLc cisllaJI ôâû^ j ç lôï^ E IgJ A E < 0 loJl^ <^liiJLJI CU 35 JJI o\ixlfljJÜ clljuuuJIj 

. CjOâJI J\L> cü^juuoJI ^JIsjJI ^sJLc Lp-«LJuiJü5u cu5jj> c^slb cislb JijJu 

a JdLuüuJI — I 

! OC CjlIàJI ^U^Iszjo 
Z A* “> 17 + « 

: oc v_sv^U2-aJjVI ôjj^jûoJI c^üaJI 

E = [/77(flr) + m ( ) - m ( pf )] .c 2 


oc i>LjjuJI ôl^j . 226 I^JI qjo ôI^j CjOâj qx cl^jLJI 03 ILJI : < 3 *+^ 

! v_sJ^j 


2 88 ^ 

2 8 > 

\He 

225,977u 

221,9702 

4,0015 


™Ra^ 2 £Rn+< 2 He 
: JcUJI IJl^J o*slkJI ôJL 
E = \m( 222 Rn) + m ( \He] - m ( 22 8 6 /te)] .c 2 

= [-5,3.10 _3 £/].c 2 

: ois oJUUs lu=931 ; 5MeV/c 2 oî /Asù 

, /v/el/ -, 

E = -5, 3 . 10 3 x 93 1, 6 .c 2 = -4, 94Afe 1/ 

c 2 

: v _ 5 v^ JxLâJI Ijlû^ ÿx ôjjj*joJI qslIaJI v-sJLJIj 3 
q3lb JA_aJj ^jvJLc >^-bü v_sv ^3 (? = —E — E c (jdc) — 4,94A/é?I/ 

. oc ^ 3 -^iiJI ^jvJLc I^jljujjSj 

m P L$^lsjûj^ll JsLmjuJI _ v 

P v_SV- 0 Ls 2 _aJû\J I JoLjuJuJU CjuLÔjJÎ pJ^Issjo 

a x -> z +i Y +° 1 e 

: P _ v_sv^U 2 _jJj\JI i)LijuJU c^llaJI àlj^ec* J| 

E = [m( z+ A 1 Y) + m(° 1 e)-m( 2 X)].c 2 

P IsjJj Jl ■bUiüùJI — g 

P + v_s^U 2 _aJj\JI i?LijuJU ooâJI cj^lsx) 

a x ^ Z -iY++i e 

: v-s^Is-aJjVI ^LjjuJU cu9UûJ| qXj^£*}\ 

E = [m( z _ A 1 Y) + m(° 1 e)-m( 2 X)].c 2 

: qJo^adLo 

ij£ ôsüUI ^bjJls cS^jJU «u Sj^y 09 Lb ^$J( <V££jJI oILcIajJI J 1 L> ùjjsu»J\ ôâUsJI J^süj 

. y ûIcIajujUJ o* iiijjbliftB^S 09U0 csJ| JUiSj U^oJI Ijlô) 

Q = -AE = £E c ( a Y) 





JsswJI uS. ëtoiUI bjjl 5 cS$JI : A Z Y 

■ (jyfl&jüiJI JoLmjuJU I oIjjuLJI — V 

ClS2_juj\JI c lSlwJcU3 /^juUL^JI L^ljuOsJ v_S^JI °IjjOsÜI ^_j-juUL> dJJi>3 üLuUü\JI />ouJL> ^jJ-C jjjU CU33JJI olcl2_Juj\U 

^SvJLc ^svJLc cU^lLlajü l^3>> 0_XJ^J3 i l^ 9 lfij\J ^SjS i>| t àj^SLÆu Ô^LoJI ijjjïàü a oLcLsz-jJjVI • 

. JJbJI 

oLcls_Juü\il ô J lûü Jjexgjüuu u . l^lüAJ ^I>-0 &-aJjo Ô^JlC ^/0jJLj3 « OC qjo ^U^Lûj P olcls2_jüj\JI • 

. cLjlb^juüJI LAbJI ci^JlaxxJ 

v_s^ JjCX^Jljuuu3 1 ^jjO O I jjLOyûLLjuJ ÔJlC ^/OjJL L^9 Lûj\J3 é ô J l 9 Li y • 

. j3jzJU ^ybl^jO^I 

3I ^I^jO^I ^^LC^1juJlJ3 £ Lq-juUL JLajü\J jjÆÛS& l-)C> oluCxSb I I oLcLs2-jJj\JI JjCXS21juUÜ 

. IgJL^JlaxxJ 

*T oLuuuVI CU33JJI oLcUljuü\JI JJ3J 

^ Ijju I L^Suoj i>| 1 ûLuuü\JI /yuujszi cü3SuoJI ô^loJI fLo cuJlsdl c( 3 ÜaJI oli> CU33-JI ol^L2-*jj\JI JxLâju 

. <^Lj0s$3ju oI&3^uJlJI {jÀsli îLclc\JI u ^x su U\L> olj^ Cj\j^jjSJ\ 


